Dots are ideal systems to study fundamentals on heat transfer at the nanoscale and promising nanoscale heat-engines and thermal devices. Here, we report on the validation of our theoretical model on the thermal conductance of a metallic dot 
2 Dots have been extensively studied for many years. They still attract much scientific research interest because they are model systems to study quantum physics effects, interference effects in carriers' states, fundamentals of transport theory, effects of interactions, novel mechanisms and applications [1] [2] [3] . They have been very efficiently used in optoelectronics and photovoltaics. In microelectronics, the progress in the miniaturization and characterization techniques boosted the research on the transport properties of dot-based devices. The realization of the single-electron transistor (SET) opened new ways towards faster computers and quantum logic.
Manipulation of heat flow at the nanoscale, the realization of heat devices and the efficient conversion of heat to work using nanostructures are major issues of contemporary scientific research. Suppression of the parasitic heat flow is required for high efficiency in thermoelectric, photovoltaic and hybrid nanodevices.
Nanostructures have decreased thermal conductivity because of carriers' confinement and strong scattering on boundaries and in-homogeneities. Significant research work has been devoted in the last years to the thermal conductivity of nanostructures.
Efficient heat management would be possible by further understanding and appropriately designing them. It is now a general belief that basic research is still necessary for breakthrough and efficient applications.
The charge and thermal transport properties of dots have been at the center of scientific research for more than three decades. The cooperative progress between theory and experiment in dot-based nanostructures has been proved essential for understanding fundamentals on combined charge and heat transfer and designing applications and devices [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Here, we report on the experimental validation of our previously published theoretical work on the thermal conductance of a dot coupled with two electrodes with tunneling barriers 14, 21 . The thermal conductance of a metallic dot SET (md-SET) has been recently measured 22 . We compare the calculations using our theoretical formalism in the classical regime that is appropriate for the md-SET, with the experimental findings. Perfect agreement is shown between the calculated and the measured charge conductance G, heat conductance κ and the ratio κ/GT. The experimental findings confirm the theoretical predictions on the periodicity of the Coulomb oscillations in the classical regime, the low-T extreme values and the high-T limits of G and κ. The theoretical model is applied to evaluate the operation of the md-SET as heat-switch.
3
The transport properties of dots are closely related with discrete states of carriers.
Interactions between charge carriers can result in discretization of their energy states.
A characteristic example is the transfer of an electron into an uncharged dot. Distinct behavior was found for the different transport regimes. In a quantum dot, the thermal conductance is more sensitive to the dot energy spectrum than the charge conductance: the separation between the peaks and the magnitude of the peaks of the Coulomb oscillations depend on the separation of neighboring energy states. In the case of a metallic dot, the thermal conductance oscillations show the same features as the charge conductance: the periodicity of the oscillations is determined by the charging energy and the magnitude of the peak depends on the density of states.
The thermal conductance κ of a dot coupled to two electron reservoirs (electrodes) is defined as:
where Q is the heat flux and ΔT is the temperature difference between the two electrodes. In the second part of equation (1), the thermal conductance is related to the transport coefficients that are calculated from the linearized expressions for the 4 electric current 4 and the heat flux Q 14 . For a metallic dot, the energy levels separation is smaller than the thermal energy (ΔΕ<<k B T) and the 'classical regime' formalism describes the charge conductance G
the thermopower S
and the thermal coefficient K
where
and
In the above expressions, μ is the chemical potential of the dot in equilibrium, ρ is the density of states of the dot, γ is the tunneling probability and ( ) In a metallic dot, the discreteness of the energy spectrum is screened by the thermal broadening and the transport properties depend on the density of states ρ of the dot and on the tunneling probability γ through the barriers separating the dot from the electrodes (the source and the drain). This is explicitly shown in equations (2)- (4) by the pre-factors that are proportional to the parameters ρ and γ. Electrons tunneling into the dot change the electrostatic energy U(N) of the dot. The different charge states of the dot show-up in a discrete-energy spectrum and they are separated by gaps. Therefore, charging the dot with an additional electron is blocked unless the energy required to overcome the actual gap is provided either by an external field (the gate) or by the thermal energy. This effect results in oscillations in the conductance G of a metallic dot in the SET configuration 4 . Coulomb oscillations were also predicted for the thermal conductance 14 . The Coulomb oscillations of the conductances of the md-SET are shown in Figure 1 . The conductances G and κ calculated using equations (1)- (4) In the high-T limit, the conductances are independent of the Fermi level. This is clearly shown in Figure 1 by the two upper curves that are flat and correspond to Ge ργ 
and for the thermal conductance
In this regime, the thermal energy provides enough kinetic energy to the carriers so  is the Lorentz number, i.e. in the high-T classical regime, the thermal conductance and the charge conductance are related as predicted by WiedemannFranz law 14 .
As temperature decreases and the thermal energy becomes comparable to the charging energy, ( Bc k T E ), the kinetic energy of the carriers also decreases and they start to 'see' the Coulomb barrier and their transport properties start fluctuating with E F (Figure 1) . Now, the energy required to overcome the Coulomb barrier is provided by the external field/gate that shifts E F relative to the charging states of the dot. In (2)- (6) At low-T, the thermal conductance oscillates between a vanishing value at the conduction valleys and a maximum at the conduction peaks. In this regime, the md-SET operates as a heat-switch. The switching ability of the md-SET, can be evaluated by the switching ratio R SW defined as
The calculated ratio R SW is shown in Figure 3 
